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250 MSPS Video 
Digital- to-Analog Converter 




FEATURES 

250 MSPS Update Rate 
Low Glitch Impulse 
Complete Composite Functions 
Internal Voltage Reference 
Single-5.2V Supply 

APPLICATIONS 
Raster Scan Displays 
Color Graphics 
Automated Test Equipment 
TV Video Reconstruction 



GENERAL DESCRIPTION 

The AD 9701 is a high speed, 8-bit digital-to-analog converter 
with fully integrated composite video functions. H igh speed 
ECL input registers provide synchronous operation of data and 
control functions up to 250 M SPS. 

The AD 9701 incorporates onboard control functions including 
horizontal sync, blanking, reference white level and a 10% 
bright signal for highlighting. T he setup level is also adjustable 
from IRE units to 20 IRE units through the control pin. An 
internal voltage reference allows the AD 9701 to operate as a 
stand-alone video reconstruction DAC. 

The AD 9701 is available as an industrial temperature range 
device, -25°C to -h85°C, and as an extended temperature range 
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device, -55°C to -hl25°C. Both grades of the AD 9701 are pack- 
aged in a 22-pin ceramic DIP with the extended temperature 
device also available in a 28-pin LCC package. 
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AD9701- SPECIFICATIONS 



ABSOLUTE MAXIMUM RATINGS^ 

Supply Voltage (-Vs) -7 V 

D igital I nput Voltages (I ncluding ST RO BE , SY N C , 
BLANKING, 10% BRIGHT and REF EREN C E 

WHITE) OVto-Vs 

Analog Output Current 37 mA 

Power Dissipation (+25°C FreeAir)^ 780 mW 



perati n g T em peratu re R an ge 

AD9701BO -25°C to +85°C 

AD9701SO/SE -55°C to +125°C 

Storage Temperature Range -65°C to +150°C 

Junction Temperature +175°C 

Lead Soldering Temperature (10 sec) +300°C 



ELECTRICAL CHARACTERISTICS (Supply Voltages = - 5.2 V; Rl = 37.5 il; Setup = V, unless otherwise noted) 
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SETUP CONTROL^^ 
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Parameter 


Temp 


AD97D1BO 
Min Typ 


Max 


AD97D1SO/SE 
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NOTES 

^Absolute maximum ratings are limiting values to be applied individually, and beyond which serviceability of the circuit may be impaired. Functional operability under 
any of these conditions is not necessarily implied. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. 
^Typical thermal impedance . . . 

22-Pin Ceramic 0ja = 64°C/W; Gjc = 16°C/W 

28-Pin Ceramic LCC ejA=70°C/W 0jc=21°C/W 
^SYNC, BLANKING, and REFERENCE WHITE are inactive (Logic "1"). I set - 1.26 V/R set- 
^All bits at logic HIGH. 

^All values are relative to full-scale output after being normalized to nominal value. Typical variation in full-scale output from device to device can reach ±10%, for a 
fixed RsET resistor. 

^T he effect of 10% BRIGHT algebraically adds to the output waveform. 

^T he output level with BLAN KING active (Logic "0") is determined by the setup control level. 

^In normal operation, the BLAN KIN G input is activated (Logic "0") prior to or in conjunction with the SYN C input. The effect of the SYN C output is relative to the 
setup level. 

easured from edge of STROBE to 50% transition point of the output signal. 

easured with full-scale change in output level, from the 10% transition level to within ±0.2% of the final output value. 
^^M easured from 10% to 90% transition point for full-scale step output. 
^^An IRE unit is 1% of the G rey Scale (GS range) with a IRE setup level. 
^^Supply Voltage should remain stable within ±5% for normal operation. 
^^M easured at ±5% of -Vs. 
Specifications subject to change without notice. 



DIGITAL INPUTS VS. ANALOG OUTPUT 
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NOTES 

^Setup (Pin 21) grounded (0 IRE units). 

^Setup (Pin 21) open (7.5 IRE units). 

^Setup (Pin 21) to -5.2 V through 1 k (0 IRE units). 

^Setup (Pin 21) to -5.2 V (20 IRE units). 



ORDERING GUIDE 



Device 


Temperature 
Range 


Description 


Package 
Option* 


AD9701BQ 
AD9701SE 
AD9701SQ 


-25°C to +85°C 
-55°C to +125°C 
-55°C to +125°C 


22-Pin DIP, Industrial Temperature 
28-Pin LCC, Extended Temperature 
22-Pin DIP, Extended Temperature 


0-22 

E-28A 

Q-22 



*E = Leadless Cerannic Chip Carrier; Q = Cerdip. 
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FUNCTIONAL DESCRIPTION 



Pin Name 


Description 


GROUND 
-Vs 

BIT l(MSB) 
BIT 2-BIT 7 
BIT 8 (LSB) 
STROBE 
GROUND 
SETUP 


One of three ground returns. All grounds should be connected together near the AD 9701. 
N egative supply pin, nominally -5.2 V. 

One of eight digital input bits. BIT 1 (M SB) is the most-significant-bit of the digital input word. 
One of eight digital input bits. 

One of eight digital input bits. BITS (LSB) is the least-significant-bit of the digital input word. 

Data and control register strobe input. STROBE is leading edge triggered. 

One of three ground returns. All grounds should be connected together near the AD 9701. 

T he SET U P input determines the position of the blanking level relative to the "reference black" 

level (all data Dits at logic u ). i ne setup level is aajustaDierrom u 1Kb unitstozuiKb units oe- 

low the reference black level (an 1 RE unit is 1% of the "grey scale" range). 


SETUP LEVEL CONFIGURATION (PIN 21) 


IRE Units Ground 
7.5 IRE Units Open 

10 IRE Units Connection to -5.2 V through 1 V£l 
20 IRE Units Connection to -5.2 V 


10% BRIGHT 


10% BRIGHT adds an additional current to the output level, equal to roughly 10% of the "grey 
scale" range. The 10% BRIGHT is active logic LOW and operates independently of all other inputs. 


COMPOSITE BLANKING 


T he COMPOSITE BLANKING input, active logic LOW, forces output to the blanking level set 
with the SET UP input. 


COMPOSITE SYNC 


T he COMPOSITE SYNC input, active LOW, creates a negative going horizontal synchronization 
pulse relative to the blanking level. U nder normal operating conditions, the COMPOSITE 
BLANKING signal should precede and extend past the COMPOSITE SYNC signal. See SET U P 
for additional information. 


REFERENCE WHITE 
rOM PENSATION 

CURRENT SET 

OUTPUT 
GROUND 


T he REFERENCE WHITE input, active LOW, overrides the data inputs and forces the output to 
the maximum "grey scale" level. 

T hp POM PF N ^AT 1 N inniif in«^iirp«^ aHpniiafp nain ^^fahlllfx/ fnr fhp infprnal rpfprpnrp annnlifipr 

1 IICv^WI*irLI^«JrAI IWI^ IIIUULM IDU 1 CD QVJ CVJ U QLC ^Ql 1 1 OLuU 1 IILy lUI LIICIII LCI 1 1 □! 1 CI CI CI 1 V.C Ul 1 1 U 1 1 1 1 CI . 

U nder normal operating conditions, the COM PEN SAT ION input is decoupled to ground through 
a 0.1 |iF capacitor. 

TheCURRENT SET input determines the full-scale or "grey scale" range. The effects of the video 
control functions are in addition to the "grey scale" range. (168 n < Rset ^ 600 Q). 

l0UTmax-4lsET = 4( 1.26 V/Rset ) 

Analog output. 

One of three ground returns. All grounds should be connected together near the AD 9701. 



SYSTEM TIMING DIAGRAMS 



K pIrIOD 'I* PICTURE DATA— »j 



REFERENCE WHITE 



REFERENCE BLACK 
BLANKING LEVEL ' -' 

SYNC LEVEL - , 



RE FEREN CE 
WMtTE 



10% BLANKING 



DIGITAL DATA 
BIT 1 (MSB) TO 
BIT 8 (LSB) 




DIGITAL INPUTS 

INCLUDING 
CONTROL INPUTS 



OUTPUT ERROR 
WAVEFORM 




ts DIGITAL DATA SETUP TIME 

tH DIGITAL DATA HOLD TIME 

tpwH STROBE PULSE WIDTH HIGH 

tpwL STROBE PULSE WIDTH LOW 

tsT SETTLING TIME 

tpD MINIMUM PROPAGATION DELAY 

NOTES 

1. ALL INPUTS, INCLUDING THE VIDEO CONTROL 
FUNCTIONS, ARE SYNCHRONIZED TO THE 
STR OBE INPUT. 

2. THE 10% BRIGHT CONTROL WILL INCREASE 
THE OUTPUT LEVEL BY APPROXIMATELY 10 
IRE UNITS OVER THE PRESENT OUTPUT 
LEVEL 

3. AN IRE UNIT IS IDEALLY 7.14mV. 
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DIE LAYOUT AND MECHANICAL INFORMATION 




REFERENCE WHITE 



/ ^^COMPENSATION 



GROUND 
GROUND 



, CURRENT SET 

^ OUTPUT 
^GROUND 



:L - £ ai' ^t ^'.'^ k*':r^ k*-,,'^>-l ^ 

pi ^I. J!- 5- ^^?r ^=ir^ ^^?r ^- 



■ STROBE 

/ 1 \ / \ \ \ 

BIT 2 / BIT 4 / BIT 6 \ BIT 8 (LSB) 

BIT 1 (MSB) BIT 3 BIT 5 BIT 7 

D ie D imensions 107 x 104 x 15 (±2) mils 

Pad Dimensions 4x4 mils 

M etalization Aluminum 

Backing None 

Substrate Potential -Vs 

Passivation Oxynitride 

Die Attach Gold Eutectic 

Bond Wire 1.25 mil Aluminum; U Itrasonic Bonding or 

1 mil Gold; Gold Ball Bonding 

APPLICATIONS INFORMATION 

Raster scan video displays image data on a line by line basis, 
with timing and control signals inserted between the lines. The 
control signals include the horizontal synchronization pulses, 
which are used to align the display circuitry at the beginning of 
each line. After the complete video image is displayed on the 
monitor, the process begins again with the next image. T he ver- 
tical reset pulse(s) that initiate this timing sequence are located 
between each video image. 



(2kIlPULLUP RESISTORS) 



DIGITAL 
INPUTS 



COMPOSITE 
SIGNAL 



COMPOSITE BLAN KING 
COMPOSITE SYNC 
REFERENCE WHITE 




signals are designed to fall below the blanking level so as not to 
be seen on the monitor. T he actual image data is located above 
the blanking level and it may be further separated from the tim- 
ing signal by the setup level. T he setup level is simply a buffer 
zone between the timing and image data. 

G ener ation of the timing signals for the AD 9701 is controll ed 
by the COMPOSITE BLANKING and the COMPOSITE 
SYNC inputs. In normal operation, the output level of the 



Raster Graphics Configuration for TTL Systems 

T he image data is distinguished from the timing information by 
its location relative to the blanking level. T he blanking reference 
level is at the blackest extreme of the image data and all timing 



AD 9701 is forced to th e blanking level (black) with the COM- 
POSITE BLANKING control so that when the synchronization 
occu rs, it will not interfere (be seen) with the monitor image. 
T he COMPOSITE SYNC control forces the output level below 
the blanking level, generating the synchronization pulse. 

T he "grey scale" is the image intensity range located above the 
blanking level by the amount of the setup level. T he setup level 
is "reference black," the darkest displayable picture intensity. 
T he top of the "grey scale" is "reference white" or the brightest 
picture intensity. As an 8-bit device, the AD 9701 divides the 
"grayscale" into 256 individual levels. 

N ormal raster scan waveforms divide the region between the 
blanking level and reference white into 100 IRE units (Interna- 
tional Radio Engineers). The setup level can range from to 20 
IRE units but typically is around 10 IRE units, and the synchro- 
nization pulse level typically falls 40 IRE units below the blank- 
ing level. For the AD 9701, the reference white level is 10 IRE 
units below the full-scale output range (0 mAoui)- 



I n terms of priority, the REFE RENCE WHITE cont rol over- 
rides the data inputs, but bot h COMPOSITE SYNC and 
COMPOSITE BLANK ING override the data inputs and the 
REFE RENCE WHIT E control. A fourth control is active at all 
times, 10% BRIGHT, which adds approximately 10 IRE units 
to the output l evel no matter w hat the input state of the 
AD 9701. The 10% BRIGHT control is primarily used to high- 
light areas of the video image. 

As with any high-speed device, the AD 9701 requires a substan- 
tial low impedance ground plane and high quality ground con- 
nections to achieve the best performance. Performance can also 
be improved with adequate power supply decoupling near the 
supply pins of the AD 9701. In ECL mode, the output of the 
AD 9701 is designed to drive 75 Q. cable directly, with 75 Q. ter- 
minations to ground at both ends of the cable. For TTL con- 
figurations, the output should be terminated to -\-S.0 V through 
an 82 Q resistor (see circuit below). 



r 



10% BRIGHT 1N4446 



COMPOSITE BLANKING 
COMPOSITE SYNC 
REFERENCE WHITE 

STROBE 



AD9701 



-5.2V SETUP 
CONTROL 



Standard Reconstruction Configuration 
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OUTLINE DIMENSIONS 

Dimensions shown in inches and (mm). 



22-Pin Side-Brazed DIP 



22-Pin Ceramic DIP 



-» |«-0 005 (0 13) MIN 0.080 (2.03) MAX-^ «- 



PIN 1 



200(5 0) 
MAX 

200(5 
120(3 



023(0 B8) 
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-A k 



105(2 67) 
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0.070(1.78) 
030(0.76) 




0.060(1.52) 
0015(0.38) 



MIN 



-J (*- 0.005 (0.13) MIN 098 (2.49) MAX -»j 

1— imr-irnm i— ii-ir-ii— ini— i 




1^ 
00 



0,410(10.41) 
0.320(8.13) ' 



0.015 (0.38) _ 
0.008(0.20) 

k 0.420(10.67) 1 
0.390(9.09) 



, 0410(10.41) J 

p- 320(8,13) — *] 



0.420(10. 67)_ 
" 390(9.09) 

0.015 (0.38) _JU- 
008(0.20) 



28-Pin LCC 




NOTES 

1 THIS DIMENSION CONTROLS THE OVERALL PACKAGE THICKNESS 

2. APPLIES TO ALL FOUR SIDES, 

3. ALL TERMINALS ARE GOLD PLATED. 
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